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ABSTRACT
Eurycoma longifolia (EL) extract has attracted a lot of consumer interests. 
However, the production of EL extract has long been affected by issues of low yield 
and weak quality assurance. Two main processing units in EL extraction that are solid- 
liquid extraction and spray drying, became the main focus of this research work. A 
study on the optimization of both processes followed by scaling up using dimensional 
analysis and similarity study were conducted to increase the extract yield and improve 
the quality of EL extract. Crude EL extract yield of 8.8 ± 0.6% (w/w) was obtained 
under the following optimal conditions at laboratory scale: 53 minutes of extraction, 
solvent to raw material ratio of 12.5:1 and raw material particle size of 0.5 to 1.0 mm. 
Process efficiency of 39.6% was achieved following the optimization of the spray 
drying process (without carrier agent) which was conducted under the following 
optimal conditions: air inlet temperature of 137 oC, air pressure of 8 psi and feed flow 
rate of 2.3 ml/min. The quality of EL extracts before and after spray drying was 
analysed. Spray drying resulted in loss of all marker compounds with protein being 
the highest at 87.7%. To improve the retention of marker compounds, 
microencapsulation of the extracts using a carrier agent was considered. 
Microencapsulation with scleroglucan (sclg) at laboratory scale resulted in the best 
retention of compounds with the highest process efficiency of 72.3%, which was 
achieved under the following optimum conditions: air inlet temperature of 185 oC, feed 
flow rate of 4.5 ml/min, air pressure of 8 psi and sclg concentration of 3.8% (w/w). 
Spray drying at the optimized air inlet temperature resulted in final product yield of 
4.54% (w/w) when drying without using carrier agent and 45.0% (w/w) with sclg, 
respectively. To scale up the extraction process, a dimensionless number denoted as 
ShSc-1 number was proposed based on best fitted data. Using data at laboratory scale, 
ShSc-1 number of 0.0312 was obtained at optimized EL extraction conditions. Taking 
into account the scale up rule of P/V  being constant and the scale-up factor of 7.6, pilot 
scale works at ShSc'1 number of 0.0376 (the closest to lab-scale value) satisfactorily 
produced EL extract yield of 8.65% (w/w) with an error of 0.06%. Due to the 
dissimilarity in the physical conditions of both spray dryers, scale up of the spray 
drying process was performed based on air inlet temperature only. Spray drying at the 
optimized air inlet temperature at lab-scale resulted in final pilot-scale product yield 
of 2.5% (w/w) and 29.2% (w/w) when drying without using carrier agent and with 
sclg, respectively. Microencapsulation process efficiency at pilot scale was 71.7%, 
and the quality of extracts after spray drying (with the exception of polysaccharides) 
were quite consistent with the quality obtained at laboratory scale. The outcome of 
this research work demonstrated that useful scale-up knowledge of the production of 
EL extract from laboratory scale to pilot scale had been successfully obtained.
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ABSTRAK
Ekstrak Eurycoma longifolia (EL) menarik perhatian ramai pengguna. 
Walaupun begitu, penghasilan ekstrak EL telah lama dibelenggu dengan isu-isu seperti 
hasil yang rendah dan jaminan kualiti yang lemah. Dua unit pemprosesan utama dalam 
pengekstrakan EL iaitu pengekstrakan pepejal-cecair dan penyemburan kering 
menjadi fokus utama kajian ini. Penyelidikan tentang pengoptimuman bagi kedua-dua 
proses diikuti dengan penskalaan menggunakan analisis dimensi dan kajian kesamaan 
telah dijalankan untuk meningkatkan hasil dan kualiti ekstrak EL. Hasil ekstrak EL 
sebanyak 8.8 ± 0.6% (w/w) telah diperoleh pada keadaan optima skala makmal: masa 
ekstrak 53 minit, nisbah pelarut kepada bahan mentah 12.5:1 dan saiz partikel bahan 
mentah 0.5-1.0 mm. Kecekapan proses 39.6% telah berjaya dicapai pada keadaan 
optimum penyemburan kering (tanpa menggunakan agen bahan pembawa) iaitu pada: 
suhu udara masuk 137 oC, tekanan udara 8 psi dan kadaralir suapan 2.3 ml/min. Kualiti 
ekstrak EL sebelum dan selepas proses penyemburan kering telah dianalisa. Kesemua 
sebatian utama telah hilang semasa penyemburan kering dimana protein mempunyai 
jumlah kehilangan yang tertinggi iaitu 87.7%. Bagi meningkatkan ketahanan sebatian- 
sebatian utama, mikrokapsulan ekstrak dengan penggunaan agen bahan pembawa 
telah diambil kira. Mikrokapsulan dengan menggunakan scleroglucan (sclg) pada 
skala makmal adalah yang terbaik bagi ketahanan sebatian dengan kecekapan proses 
tertinggi pada 72.3%, dimana dicapai pada keadaan optimum berikut: suhu udara 
masuk 185 oC, kadaralir suapan 4.5 ml/min, tekanan udara 8 psi dan kepekatan sclg 
3.8% (w/w). Penyemburan kering pada suhu udara masuk yang optimum 
menghasilkan hasil produk akhir masing-masing 4.54% (w/w) bagi pengeringan tanpa 
agen bahan pembawa dan 45.0% (w/w) bagi menggunakan sclg. Untuk penskalaan 
proses pengekstrakan, satu nombor tidak berdimensi yang dinamakan sebagai nombor 
ShSc'1 telah dicadangkan berdasarkan data yang terbaik. Nombor ShSc'1 0.0312 telah 
diperoleh pada keadaan optimum pengekstrakan EL pada skala makmal. Dengan 
mengambil kira hukum penskalaan P/V  yang malar dan faktor penskalaan 7.6, kerja- 
kerja penskalaan pada skala pandu menggunakan nombor ShSc'1 0.0376 (nilai paling 
hampir pada skala makmal) telah menghasilkan hasil ekstrak 8.65 % (w/w) dengan 
ralat 0.06 %. Oleh kerana ketidaksamaan keadaan fizikal bagi kedua-dua semburan 
kering, penskalaan penyemburan kering telah dijalankan hanya berdasarkan pada suhu 
udara masuk. Penyemburan kering pada suhu udara masuk optimum pada skala 
makmal menghasilkan hasil produk akhir pada skala pandu masing-masing 2.5% 
(w/w) dan 29.2% (w/w) bagi pengeringan tanpa agen bahan pembawa dan bagi 
pengeringan menggunakan sclg. Kecekapan proses mikrokapsulan pada skala pandu 
ialah 71.7% dan kualiti ekstrak selepas penyemburan kering (kecuali bagi 
polisakarida) didapati hampir konsisten dengan kualiti yang diperoleh dari skala 
makmal. Hasil keputusan kajian ini menunjukkan bahawa ilmu penskalaan dalam 
penghasilan ekstrak EL dari skala makmal ke skala pandu telah diperoleh dengan 
jayanya.
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CHAPTER 1
INTRODUCTION
1.1 Research Background
Eurycoma longifolia or Tongkat Ali is well recognized as a traditional herbal 
remedy in Southeast Asia which are currently going global for its vitality and 
aphrodisiac properties. Today, Eurycoma longifolia is amongst the top selling herbal 
products in Malaysia. The roots of Eurycoma longifolia are believed to be highly 
potent and its decoction is consumed traditionally as a health tonic and to treat a variety 
of ailments such as fever, ulcer, cough, diarrhoea, postpartum treatment etc. (Bhat and 
Karim, 2010). Over the past few decades, numerous convincing evidences were 
obtained on the ability of Eurycoma longifolia in improving male sexual health (Thu 
et al., 2017a). Published data and current investigations reveal Eurycoma longifolia 
as possessing cytotoxic, anti-ulcer, anti-tumor, anti-estrogenic, anti-pyretic, anti- 
schistosomal, anti-inflammatory, anti-bacterial, anti-fungal, anti-cancer, anti-malarial, 
anti-parasitic, anti-anxiolytic, and anti-diabetic activities (Mohamed et al., 2015). In 
the most recent research, Eurycoma longifolia was proven to exhibit various effects 
such as osteoporosis preventive, hormonal, ergogenic, insecticidal and muscular 
(Rehman et al., 2016).
Based on its intrinsic factors (i.e. cultivation, age, genetic and geographical) as 
well as the efficiency of processing, extracts of Eurycoma longifolia are comprised of
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various active constituents from primary and secondary metabolites that are 
responsible for the pharmacological activities and therapeutic effects. One study found 
that quassinoids are present in higher portions than alkaloids in Eurycoma longifolia 
extract with eurycomanone compound and its derivatives being the major compounds 
(Chua et al., 2011). Apart from that, a eurypeptide with molecular weight of 4.3 kDa 
was identified as the aphrodisiac marker in Eurycoma longifolia extract (Asiah et al., 
2007; Ismail et al., 2012). The standardized water soluble extract has been patented 
in 2004 by US patent (i.e. US 7132117 B2) after extensive examination on the sexual 
effects of Eurycoma longifolia on animals (Sambandan et al., 2006). The Malaysian 
Government has published a Malaysian Standard (MS 2409:2011) on the quality 
requirements of Eurycoma longifolia freeze-dried water extract based on four markers, 
which are eurycomanone, total protein, total glycosaponin and total polysaccharides 
(MS, 2011). Due to the great demand for Eurycoma longifolia products, Malaysia has 
placed this herb along with four other types of herbs (initially) as part of the herbs that 
are to be given emphasis by the government through National Key Economic Areas 
(NKEA) Agriculture Entry Point Project (EPP1) under the 10th Malaysian Plan to 
enhance R&D for the herbs with the target to produce safe, high quality and efficacious 
herbal products that are to be marketed globally (Ahmad et al., 2015).
Unfortunately, today most of the Eurycoma longifolia extracts used for 
commercial preparations still do not meet the mandatory regulatory parameter for the 
concentration of the marker compounds. This situation was revealed by a study based 
on eurycomanone level (should be between 0.8 to 1.5%), where 17 out of 41 products 
of Eurycoma longifolia obtained in Malaysia and internationally were found to not 
even contain this compound (Norhidayah et al., 2015). Eurycoma longifolia products 
in the market is often unauthenticated. According to a previous study, the 
recommended consumption of Eurycoma longifolia extract is at the dose o f200 to 400 
mg daily for adults (Mohd Effendy et al., 2012). The processing technology practice 
must also be emphasized in order for Eurycoma longifolia products to be manufactured
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correctly. The recent dramatic growth of manufacturers with sales of more than 200 
Eurycoma longifolia products urges the Malaysian Government to enforce the Good 
Manufacturing Practice (GMP) as a guideline to control the quality, safety and efficacy 
of the products.
1.2 Problem Statement
Researchers studying herbal production focus on innovations in processing that 
include development of environmental friendly processes, application of novel 
processing methods and the improvement of existing process technology (Aziz, 2003). 
The current practice of Eurycoma longifolia extract production at industrial scale 
comprises of two main processing, namely solid-liquid extraction and spray drying 
(Athimulam et al., 2006). However, the product yield of spray-dried Eurycoma 
longifolia extract is reported to be quite low and its quality is inconsistent. The extract 
yield produced at manufacturing scale was reported to be at only about 3% w/w 
(Athimulam et al., 2006).
Most studies on the solid-liquid extraction of Eurycoma longifolia focused on 
the effect of processing parameters and their modelling in order to obtain high extract 
yield (Sim, 2004; Mohtar et al., 2007; Kumaresan, 2008; Mohamad et al., 2013; Zamri, 
2014). Laboratory experimentations in a stirred vessel have shown that the crude 
extract yield obtained was in the region of 4.84 to 11.29% depending on the types of 
parameter investigated (Zamri, 2014). The maximum extractable yield of Eurycoma 
longifolia in this study was theoretically determined to be 53.96% (w/w). Currently, 
there is no experimental work reported for scale up of batch solid-liquid extraction of 
Eurycoma longifolia after optimization at lab scale.
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For downstream processing, spray drying is mostly applied in herbal 
manufacturing to remove solvent for easy handling and to prolong the shelf-life of the 
products. Eurycoma longifolia extract, which has complex chemical composition, has 
low glass transition temperature (Tg), which may lead to high temperature drop (AT) 
during the spray drying process and this might result in high losses. Furthermore, the 
technical difficulties in scaling up of spray drying are faced by most researchers due 
to the complexity of the spray drying process that consists of atomization (droplets 
formation from liquid solution) and evaporation stages (removal of moisture from the 
droplets).
To address the issue of low product yield and inconsistent quality, the 
manufacturing process (i.e. extraction and spray drying) has to be optimized, however, 
performing optimization at manufacturing scale is uneconomical. The way to tackle 
this problem is by doing optimization at lab-scale, and using dimensional analysis and 
similitude to scale up the process to industrial scale. Dimensional analysis can be used 
as a tool to quickly elaborate reliable relations among physical quantities using their 
dimensions, which must be accompanied by similitude principles to simulate the real 
conditions of the problem for a more accurate scaling-up exercise. The purpose of this 
work was to determine the processing parameters that permit accurate transfer of data 
between facilities of different scales within the ranges covered by the dimensionless 
numbers with the aim to increase the extract yield and amounts of marker compounds 
in Eurycoma longifolia extracts.
1.3 Objective of Study
The objectives of this study were as follows:
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(i) To optimize the processing conditions for the production of Eurycoma 
longifolia extract to obtain high yield and better product quality.
(ii) To scale-up the production of Eurycoma longifolia using dimensional analysis 
and similitude.
1.4 Scopes of the Study
In order to accomplish this objective, the following scopes of study were 
implemented:
(i) Optimizing the processing conditions of lab-scale single-step solid-liquid 
extraction and mini-scale spray drying of Eurycoma longifolia roots using 
response surface methodology.
(ii) Investigating the effect of number of extraction steps in solid-liquid extraction 
by one-factor-at-a-time (OFAT) technique and the effect of addition of 
different carrier agents in spray drying process through a comparison study.
(iii) Establishing the scale-up relationships by dimensional analysis method for 
solid-liquid extraction, and formulate reliable scale-up predictions for spray 
drying process in the production of Eurycoma longifolia extract.
(iv) Validating optimum extract yield and quality of extracts at pilot-scale.
(v) Cost analysis of production of spray-dried Eurycoma longifolia extract.
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1.5 Significances and Original Contributions of the Study
This study offers several contributions in the optimization and scaling up of the 
production of Eurycoma longifolia extract.
(i) To the best of current knowledge, this study is one of the first reports on the 
establishment of the scale-up relationships using the dimensional analysis 
method by taking into accounts the fundamental engineering of transport 
phenomena inside the solid-liquid extraction of Eurycoma longifolia roots. A 
considerable number of works were conducted on the modelling of Eurycoma 
longifolia extraction but none focused on the scaling-up technique of identical 
geometry based on existing pilot-scale equipment. Basically, scale-up of solid 
suspension in a variety of stirred vessel design have been broadly conducted 
using an empirical equation of NDa = constant, however the scale-up rule is 
still a contradiction up to now depending on the suspension properties, flow 
behavior and vessel configurations. Thus, there are compelling reasons to 
establish best-fitted scale-up model from the developed dimensionless 
numbers in order to obtain similar output between laboratory and pilot-scale 
for Eurycoma longifolia extraction.
(ii) Spray drying is well recognized as a complex process involving the occurrence 
of simultaneous heat and mass transfers during the droplet drying. New 
emerging microencapsulation data suggests that improving the process 
efficiency and preserving the heat-sensitive compounds can be easily 
controlled by the addition of appropriate wall material type and concentration. 
To date, specific studies on microencapsulation by spray drying (e.g. addition 
of maltodextrin up to 8 %) at commercial-scale have not been verified, 
hindering the current performance of spray drying of Eurycoma longifolia 
extract. Moreover, the use of high carrier agent concentration in common
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practice (up to 10 %) is not encouraged as it affects the quality of the final 
product.
(iii) As each stage of main processing in the production of Eurycoma longifolia 
extract is strongly dependent on operating variables, the importance of 
optimization cannot be underestimated. In finding the highest yield with 
considerable amount of active compounds present in the final product, process 
optimization can provide the required link between laboratory test results and 
pilot-scale setting arrangement. Existing optimization works on Eurycoma 
longifolia extraction are currently performed in a different geometry and vessel 
design, which will result in different outcomes. Meanwhile, reports on 
optimization of spray drying of Eurycoma longifolia extract are currently 
scarce. Optimization of both main processing units will provide insights on 
the understanding of the dependence variables on the selected multi-responses.
1.6 Thesis Structure and Organization
This thesis is divided into five chapters. Chapter 1 covers a brief overview of 
the research backgrounds, problems statement, central objective, scopes of study, 
significances and originality of the study.
Chapter 2 offers an overview of Tongkat Ali products marketability, 
pharmacological properties, phytochemistry, issues related on its safety, efficacy, 
quality and standardization as well as the analytical methods used. The literatures also 
highlight the processing of spray-dried Tongkat Ali extract with regards to basic 
concepts and kinetics involved in the system.
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Chapter 3 covers the overall methodologies used for the optimization and 
scaling up of the solid-liquid extraction and spray drying process. The equipment 
design characteristics and its limitation are explained for up-scaling purposes in the 
production of Tongkat Ali extract.
Chapter 4 presents the comprehensive results and discussions on the operating 
parameters effect on the multi-responses optimization, scaling-up formulations, and 
pilot-scale verifications of solid-liquid extraction and spray drying processes. The 
preliminary works on Tongkat Ali authentication, extraction modelling and spray 
drying thermal effect are also described in this chapter.
Chapter 5 provides the overall summary of the research findings and future 
recommendations for upcoming works.
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